Abstract: The ultrasonographic appearance of the normal abdominal wall in the flank region was investigated before and after exploratory laparotomy in five cows (group A). The results were compared with those after surgical correction of left displaced abomasum in 10 cows (group B) and of caecal dilatation in another 10 cows (group C). We hypothesized that in group C and group B, wound healing would be impaired because of the higher risk of complications compared to group A. A 10.0 MHz linear transducer was used to examine the abdominal wall immediately before exploratory laparotomy and for 10 days (groups B, C) or 30 days (group A) postoperatively. The thickness of the individual layers of the abdominal wall was determined. The skin and the individual muscle layers could be well differentiated via ultrasonography in all the cows preoperatively. In group A, the total thickness of the abdominal wall ranged from 2.80 to 3.40 cm; the skin and the subcutaneous tissues were 0.60 to 0.80 cm, the external abdominal oblique muscle 0.50 to 0.70 cm, the internal abdominal oblique muscle 0.50 to 0.70 cm, the transverse abdominal muscle 0.50 to 0.75 cm, and the transverse fascia and peritoneum were 0.20 to 0.30 cm. Groups B and C had similar findings. There was no significant difference in the course of healing, the thickness of the abdominal wall or thickness of the individual layers during healing among the three groups of cows. Features of healing included subcutaneous emphysema in 19 cows, seroma in 19 and haematoma in 2 cows. However, the occurrence of these events did not differ significantly among the three groups. Ultrasonographic examination of the wound on day 10 postoperatively was unremarkable in 24 cows. A seroma was still present on day 15 postoperatively in one cow of group B. Zusammenfassung: In der vorliegenden Untersuchung werden das ultrasonographische Erscheinungsbild der gesunden Bauchwand im Bereich der Flanke sowie die Befunde bei einer ungestörten Heilung im Anschluss an eine Probelaparotomie von 5 Kühen (Gruppe A) beschrieben. Die gewonnenen Befunde werden mit denen von je 10 Kühen verglichen, die wegen linksseitiger Labmagenverlagerung (Gruppe B) bzw. Blinddarmdilatation (Gruppe C) operiert wurden. Die Ultraschalluntersuchung der Bauchwand erfolgte mit einem 10.0-MHz-Linearschallkopf unmittelbar vor der Laparotomie und während 10 (Gruppen B und C) bis 30 Tagen (Gruppe A) danach. Die Dicken der einzelnen Bauchwandschichten wurden mit den elektronischen Cursormarken gemessen. Präoperativ konnten die einzelnen Schichten der Haut und der Muskulatur ultrasonographisch bei allen Kühen gut von einander differenziert werden. Bei den Kontrollkühen lag die Gesamtdicke der Bauchwand zwischen 2.80 und 3. 
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Ultrasonography of the abdominal wall before and after laparotomy in cows The ultrasonographic appearance of the normal abdominal wall in the flank region was investigated 8 before and after exploratory laparotomy in five cows (group A). The results were compared with 9 those after surgical correction of left displaced abomasum in 10 cows (group B) and of caecal 10 dilatation in another 10 cows (group C). We hypothesized that in group C and group B, wound 11 healing would be impaired because of the higher risk of comlications compared to group A. A 10.0 12
MHz linear transducer was used to examine the abdominal wall immediately before exploratory 13 laparotomy and for 10 days (groups B, C) or 30 days (group A) postoperatively. The thickness of the 14 individual layers of the abdominal wall was determined. The skin and the individual muscle layers 15 could be well differentiated via ultrasonography in all the cows preoperatively. In group A, the total 16 thickness of the abdominal wall ranged from 2.80 to 3.40 cm; the skin and the subcutaneous tissues 17 were 0.60 to 0.80 cm, the external abdominal oblique muscle 0.50 to 0.70 cm, the internal abdominal 18 oblique muscle 0.50 to 0.70 cm, the transverse abdominal muscle 0.50 to 0.75 cm, and the transverse 19 fascia and peritoneum were 0.20 to 0.30 cm. Groups B and C had similar findings. There was no 20 significant difference in the course of healing, the thickness of the abdominal wall or thickness of the 21 individual layers during healing among the three groups of cows. Features of healing included 22 subcutaneous emphysema in 19 cows, seroma in 19 and haematoma in 2 cows. However, the 23 occurrence of these events did not differ significantly among the three groups. Ultrasonographic 24 examination of the wound on day 10 postoperatively was unremarkable in 24 cows. 1995). Generally, aseptic processes such as emphysema, haematoma and seroma are differentiated 59 from septic processes, which include infection and abscess formation (Trede et al., 1982) . In cattle, 60 both septic and aseptic processes are often involved in delayed incisional healing after laparotomy 61 (Becker, 1985) . The classical method of wound assessment includes a clinical examination, focusing 62 on evaluation of the general condition, behaviour, appetite and rectal temperature of the patient, as 63 well as visual inspection and palpation of the incision and centesis of lesions. Visual inspection 64 identifies swelling, secretion and dehiscence, and palpation is used to determine the consistency, 65 temperature and sensitivity of the lesion. However, in many cases, these tools are inadequate fordetermining the definitive problem, particularly with regard to infection. Studies in people (Kenney, 67 1998; Krombach et al., 2001 ), horses (Wilson et al., 1989) and cattle (Bienek and Grunert, 1997) The incision started 10 -15 cm ventral of the lumbar vertebral processes and was oriented parallel 124 and caudal to the last rib. The length of the incision in this group was 16.0 to 24.1 cm (18.7 ± 2.5 125 cm). After exploration of the abdominal cavity, the gas in the abomasum was released manually using 126 a 12 ga needle attached to a 150 cm long sterile rubber tubing and the displaced abomasum was 127
repositioned. The cows were examined via ultrasonography immediately before surgery. In the controls, further 158 ultrasonographic examinations were carried out daily on days 1 to 10 and then every other day up to 159 30 days postoperatively. The cows in groups B and C were examined daily from days 1 to 5 160 postoperatively. They were re-examined after discharge on day 10 postoperatively. 161
The ultrasonographic examination included assessment of the abdominal wall at the surgical site. The 162 appearance of the skin, subcutaneous tissues, external and internal abdominal oblique muscles, 163 transverse muscle, transverse fascia and peritoneum were evaluated preoperatively. The thickness ofthe entire abdominal wall and each of the individual layers were measured electronically using the 165 two cursors on ultrasonograms in the freeze mode. These examination procedures were repeated 166 postoperatively, with emphasis placed on the detection of abnormalities such as abnormal fluid 167 accumulation and gross disruption of the muscle layers. 168
169

Statistical analysis 170
The Statistical analysis was performed by use of a statistics software program (StatView 5.1, SAS 171
Institute, Wangen). Frequencies, means and standard deviations were calculated. Analysis of variance 172 (ANOVA) for repeated measures and a paired t-test were used to analyse differences within groups 173 between ultrasonographic measurements taken preoperatively and postoperatively up to day 10. 174
Factorial ANOVA was used for differences between measurements from controls and those from 175 groups B and C. A P-value <0.05 was considered statistically significant. 176
177
Results
178
Clinical findings 179
The general condition and demeanour remained normal throughout the study in the control cows, and 180 were mildly to severely abnormal on the day of surgery (day 0) in the cows with left displaced 181 abomasum and caecal dilatation but then normalized after few days. In many cows there was a mild The individual layers of the abdominal wall could be easily differentiated via ultrasonography in all 190 the cows preoperatively (Fig. 1) . The skin appeared as a hypoechoic structure immediately adjacent 191 to the echoic subcutis. The internal and external abdominal oblique and transverse muscles could be 192 differentiated because they were separated by a layer of echoic fascia, which surrounded each muscle. Localized emphysema occurred in 19 cows immediately after surgery and lasted four to five days. It 211 appeared as echoic air inclusions with distal acoustic shadows or reverberation artifacts (Fig. 2) . 212
The postoperative seromas seen in 19 cows were recorded on day 0 in 5 cows, day 1 in 9, day 2 in 10, 213 day 3 in 7, day 4 in 6, day 5 in 5 and day 10 in one cows. They appeared as honeycomb-like 214 structures containing pockets of hypoechoic fluid (Fig. 3) . The seromas were in the subcutis in one 215 cow, between the internal and external abdominal oblique muscles in 7, between the internal 216 abdominal oblique and transverse muscles in 10 and between the transverse muscle and peritoneum 217 in one cow. Their dimensions ranged from 2.0 to 5.0 cm in length, 0.3 to 1.8 cm in width and 0.28 to 218 0.60 cm in height. 219 A small haematoma (diameter, 0.4 to 1.2 cm) was seen in one cow in group B and one in group C. 220
They appeared hypoechoic and, in contrast to the seromas, had small echoic areas of stippling along 221 the edge. The haematoma in the cow in group B was seen on days 4 and 5, was located between the 222 internal abdominal oblique and transverse muscles and was 0.60 x 1.00 cm. The haematoma in the 223 cow in group C was seen on days 3 to 5, was located between the internal and external abdominal 224 1982; Wilde and Wilde, 1993) . Ultrasonographically, seromas are hypoechoic with distal acoustic 254 enhancement and lateral zones of acoustic shadows (Eichhorn et al., 1987; Heyder, 1992) . Disruption 255 of the connective tissue and multiple pockets of fluid impart a honeycomb-like appearance to the 256 seroma. Sonopalpation stirs up small pieces of hyperechoic concrement in the seroma (Kofler, 1997 
